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Symmetry axis
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2. Temperature−dependent drift
1. Initial temperature perturbation
3. Density perturbation
4. Electric field
5. ExB drift
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&
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short pulse
generator
~0.7   sµ
short pulse
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PLL circuitin out
f    = 64 * fout in
octal D−flip−flop
74ACT574
clock
1 Vcc
Vcc
(synchronous)6−bit−counter
Q0
up
reset
Q5Q4Q3Q2Q1
output: fractional fringes
reference (TTL)
plasma
signal (TTL)
(synchronous)
8−bit−counter
up
down
Q0........Q7
output: full fringes
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ext. reset
D−flip
−flop
D−flip
−flop
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output clock
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4−bit binary
counter
count
up
3Q
4−bit binary
counter
count
up
7Q
7Q
CO  system2
D−type flip−flop
set
reset
Q
D−type flip−flop
set
reset
Q
low−pass
filter
low−pass
filter
x 0.955
counter
8−bit binary
up
count
counter
8−bit binary
up
count
(from detector)
(from oscillator)
reference signal
probe signal
(from oscillator)
reference signal
(from detector)
probe signal
40 MHz
HeNe system
0.156 MHz
2.5 MHz
+
subtraction
density
−
duty cycle determined
output
3
by phase difference
¯°²±Q³´Nµc¶ed0¸)¹+º¤»l¼¤½]¾f¿ÀºvÉ@À¾:ﬀ@Ë¾f½ ÁÂ§¿²»l¼[Ë#¼D¾HÉHÁfÄ¿2¼¤ÊL¼Dº,¿ËDÁ@Ã>Àº¤ÅÂ,Á@Ë§¿²»l¼X[Z \ ÀÏÃQ¿~¼IËÏÂN¼¤ËDÁ@½z¼I¿~¼¤ËNÌ
C>ESCQM@T#E2=@uSADSuSA=Ph.ADC>E%X[Z
\
TD{lTDA#EIrUfADC>ESCQM@T#E2=@uSADSuSAW=Ph.ADC>EﬀÝyE	%EﬀT#{TDA#EIrMPR>wvADC>EwSEIR>TDJbA~{
=@uSADSuSATDJbefRQMPO¢k)<0JbefuS?#E2x;kYT#C>=N`2TMPRzE¤£>MPrBSOLEﬀ=Ph+ADCSJLTNk)~AqJLTq?#EIrzMP?D®fMP}SOLEﬀADCQMPAr]E,K_CQMPRSJLKNMPOQFfMP?DJ^M 
ADJL=@R>T=Ph.ADC>E2QMPADC]OLEIRSefADCzwS=@rBJbRQMPA#E2ADC>ETDJbefRQMPOLT=Ph+ADC>EA~`d=[TDuS}l~TD{lTDA#EIr]TNkX;Z
\
MPR>w]ÝyE	yEﬀTDJbefRQMPO
CQM,FHEBFHEI?D{TDJbrBJbO^MP?[TDCQMP+EfUs`ﬀCSJLK_C?#EIS?#E,T#EIR|A#T§FJb}S?_MPADJL=@R>T[=PhWADC>Eßh²?_MPr]EfkfHu>TDA6ADC>EBFHEI?D{TDrzMPObO
wlJ¬+EI?#EIR>K,E6}+EIA~`dE,EIRcADC>=fT#E§A~`W=zTDJbefRQMPOLTK,=@R|A_MPJbR>T2ADC>E§wSE,TDJb?#E,wJbRlh=@?DrzMPADJL=@Rc=@RcSO^M@TDrzMBwSEIR>TDJbA{Hk
~RM@wSwlJbADJL=@RU|JbAKNMPR}.EyT#E,EIRzADCQMPAADC>E%R>=@JLT#E%OLEIFHEIO.=PhADC>E%?#E,TDuSObADJbRSeBwSEIR>TDJbA~{GTDJbefRQMPO'JLTW?_MPADC>EI?CSJbefCk
x2hA#EI?2ADC>E[EIR>wÓ=PhqADC>E§SO^M@TDrzMzwlJLT#K#CQMP?DeHEaM h²A#EI?MB}SJbA2r]=@?#E;ADCQMPRBT_E,K,=@R>wSTNU>ADC>EI?#E[JLT%MBNEI?#=zObJbR>E
ADCQMPA§JLT[M ¬sE,KIA#E,w
}{R>=@JLT#E]`ﬀJbADCMPRMPrBSObJbADu>wSE=@R
ADC>E]=@?#wSEI?;=Ph6	
hgi4jlk
\
kzCSJLT[R>=@JLT#EBrzMPJbRSOb{
K,=@RA_MPJbR>Tvh?#E,u>EIR>KIJLE,T]JbRŁADC>E?_MPRSeHE¥=Ph÷fjfj)Ý%¥A#=Łi+®Ý%HU`ﬀCSJLK_CJLTvr]=fTDABS?#=@}QMP}SOb{ÕKNMPu>T#E,wÕ}{
ADC>EGFJb}S?_MPADJL=@RŁ=Ph%FfM@KIuSuSrtSuSrB>TvJbR©ADC>EKIOL=fT#EFJLKIJbRSJbA~{©=Ph%ADC>EJbRA#EI?hEI?#=@r]EIA#EI?NkC>Er]EIADC>=w
=PhWFJb}S?_MPADJL=@R
K,=@rB.EIR>T_MPADJL=@RYJLT}QM@T_E,wY=@RYADC>EvM@T_TDuSrBSADJL=@RYADCQMPA6eHE,=@r]EIAD?DJLKBQMPADCYFfMP?DJ^MPADJL=@R>T[MP?#E
ADC>E;T_MPr]E[h=@?X[Z
\
MPR>w
ùúNûú
}S?_MPR>K#CU+`ﬀCSJLK_C­JLTK,EI?DA_MPJbRSOb{AD?Du>EBM@TyT#==@R­M@Ty}.=@ADC­}+ENMPr]TCQMNFHE
}.E,EIRT#uS.EI?DJbrB+=fT#E,wYJbRÕM}.ENMPr TDSObJbADA#EI?NkÝ%=V`WEIFHEI?NU)QMPADCFfMP?DJ^MPADJL=@R>T;ADCQMPA;=K,KIuS?§}.EIA`WE,EIR©ADC>E
M@K,=@u>TDA#=P~=@SADJLKzr]=wluSO^MPA#=@?#TBMPR>wADC>Ez}.ENMPr TDSObJbADA#EI?NUqKNMPRSR>=@Aa}.EGK,=@rB.EIR>T_MPA#E,wskc~R©K,=@RAD?_M@TDAaA#=
=@ADC>EI?§hu>TDJL=@RE¤£l.EI?DJbr]EIR|A#Ta`ﬀJbADCA`W=P~K,=@OL=@?vJbRA#EI?hEI?#=@r]EIA#EI?#TNUqObJb®HEzADC>EGä##~~äA#=@®@MPrzMP®
JbRŁ lMPR
ä%JLEIeH=
ø
ý6 xaU|`ﬀC>EI?#EADC>E=@SADJLKNMPOsQMPADC}+EIA~`WE,EIRcADC>EM@K,=@u>T#A#=P~=@SADJLKNMPOr]=|wluSO^MPA#=@?#T%MPR>wGADC>Ey}+ENMPr
TDSObJbADA#EI?§`dM@T[®HEISA;M@T[T#C>=@?DA[M@T§+=fT#TDJb}SOLE]MPR>wMPObOK,=@rB+=@R>EIRA#T;JbR
}+EIA~`dE,EIR`WEI?#Ezr]=@uSRA#E,w=@RM
K,=@rBr]=@R©=@SADJLKNMPOdA_MP}SOLEm ofon~UADC>EzT#QMPADJ^MPOdT#EIQMP?_MPADJL=@RÕ=PhﬀADC>=fT#EzK,=@rB+=@R>EIRA#TaJLT;?_MPADC>EI?;O^MP?DeHEG=@R
x äÖqüý%Sef?_M@wSEfkdCSJLTJLT2r]=fTDAS?#=@}QMP}SOb{¥ADC>E§?#ENM@T#=@R¥h=@?2ADC>E[JbR>K,=@rBSOLEIA#E[FJb}S?_MPADJL=@RÓK,=@rB+EIRl
T_MPADJL=@RkBC>EBR>=@JLT#EBOLEIFHEIO=PhADC>E]wSEIR>TDJbA{YTDJbefRQMPOKNMPRY}+EBwl?_MPrzMPADJLKNMPObOb{Y?#E,wlu>K,E,wY}{
M,FHEI?_MPefJbRSeÓJbA
=NFHEI?%Ma+EI?DJL=|wc=PhqMP}+=@uSAKYarBJbObObJLT#E,K,=@R>wSTNUQ`ﬀCSJLK#CUQ=PhqK,=@uS?#T#EfUl?#E,wlu>K,E,TADC>E6A#EIrB.=@?_MPO?#E,T#=@ObuSADJL=@Rk
C>Ev}SJbe¥M@wlFfMPRA_MPeHEz=PhdADC>E]X[Z%\
øPùúNûú
JbR|A#EI?hEI?#=@r]EIA#EI?aK,=@rBQMP?#E,wYA#=ADC>EBä6ßoTD{lTDA#EIr!JLT6JbA#T
JbR>T#EIR>TDJbADJbFJbA~{A#=MPR{ÕTDAD?#=@RSeYwSEIR>TDJbA{ef?_M@wlJLEIRA#T]JbR©ADC>ESO^M@TDrzMlUWM@T;}+ENMPrt?#E¤h²?_M@KIADJL=@RwS=E,TaR>=@A
SO^M,{]M?#=@OLEMPAADC>E2efJbFHEIRz`dMNFHEIOLEIRSefADC>TNkRzM@wSwlJbADJL=@RUADC>ECSJbefC]r]=wluSO^MPADJL=@R]h?#E,u>EIR>KI{B=Ph+oj)ÓÝ%
rzMP®HE,T;JbAa+=fT#TDJb}SOLE]A#=TDADu>wl{h¢M@TDAaSC>EIR>=@r]EIRQMÓJbRADC>ESO^M@TDrzMlUMPAaOLENM@TDAa`ﬀC>EIR©ADC>EIJb?;h?#E,u>EIR>KI{
JLT%r;u>K#C
CSJbefC>EI?6ADCQMPRYADCQMPA§=PhWADC>Ev}QM@K#®ef?#=@uSR>wYR>=@JLT#Efk[xyTyADC>EvSCQM@T#EvTDCSJhA#T6KNMPu>T#E,w­}{wSEIR>TDJbA~{
F@MP?DJ^MPADJL=@RGMP?#E2OLE,T#TqADCQMPRGô@õh=@?}+=@ADCB`dMNFHEIOLEIRSefADC>TNUADCSJLTJbRA#EI?hEI?#=@r]EIA#EI?TD{T#A#EIr KNMPRzENM@TDJbOb{;h=@ObOL=V`
hM@TDAﬀK_CQMPRSeHE,T%=PhqwSEIR>TDJbA~{ObJb®HEADC>=fT#E[KNMPu>T#E,w¥}{+EIObOLEIA2JbR@¡E,KIADJL=@RÓ=@?wlJLTD?DuSSADJL=@R>TNk
pgC>EI?#ENM@TdSO^M@TDrzM[SC>EIR>=@r]EIRQMvKNMPRSR>=@AJbR>wlu>K,EyMPR|{]h?DJbRSeHE¡uSrB>TdJbRGADCSJLTdJbRA#EI?hEI?#=@r]EIA#EI?2TD{lTDA#EIrU
iN÷fj x;k¥x%S.EIR>wlJ£
      
 
-26
-25
-24
-23
-22
-21
Ph
as
e 
(a.
u.)
 AN:23100/AUGD/DCN(0)/AV3
      
 
-27
-26
-25
-24
-23
-22
-21
Ph
as
e 
(a.
u.)
 AN:23100/AUGD/DCN(0)/AV2
0 2 4 6 8 10
Time (s)
0
2
4
6
8
10
D
en
si
ty
 (1
.e1
9 e
/m
^2
)
 AN:23100/AUGD/COO(0)/V-1
¯°±>³´Nµqc¥¶Mr>¸tsÀÏ½z¼c¿Ë¾º_¼«Å§Â,Á@ËGX[Z
\
À²ÃQ¿~¼¤Ë²ÂN¼¤ËÁf½]¼,¿~¼¤ËÓº¤»¾fÃ>Ã.¼¤ÊvuÆMwÀ²Ãyxy¹{zt|,}~>Èﬀ@ËD¾HÉ¼É@ÀÏÅ«Æ
º¤»l¾@Ëﬀ|¼vÐw_WHÌs»l¼aÄVÈHÈS¼IËBº,Ä|Ë"P¼vÀÏÅ;¿²»l¼%ÈQ»¾PÅN¼dÂIÁfË;¿²»l¼§X;Z%\#¤ËD¾@Ã'ºI»W2¿²»l¼a½vÀÉÉlÊb¼vÁfÃ.¼dÂ,Á@Ë;¿²»l¼
ùúNûú
¤ËD¾@Ã'º¤»W¾@Ã'É¿²»l¼§ÊÁW¼IËtﬀ@ËD¾«ÈQ»¥Å_»lÁ)Å§¿²»l¼[ËD¼«Å¤Ä|Ê¿À²ÃﬀÉ¼¤ÃSÅ¤À²¿!BÅ¤ÀﬁﬀfÃ'¾@ÊsÀ²ÃY¼¤ÊL¼Dº,¿ËDÁ@ÃSÅ2ÈS¼¤ËKj
\
Ì
¡uSrB>T;wlu>EzA#=cEIOLE,KIAD?DJLKKI?#=fT#T¢A_MPOb®MP?#EGT#=@r]EIADJbr]E,T;=@}>T_EI?DFHE,wskÓ =@r]E]h?DJbRSeHE6¡uSrB>T;MP?#EGwlJb?#E,KIADOb{
K,=@?D?#EIO^MPA#E,wYJbRADJbr]Ev`ﬀJbADCADC>EBTD`ﬀJbA#K_CSJbRSe@~=@R=@?6TD`ﬀJbA#K#CSJbRSe@~=P¬Ł=PhWADC>EvR>EIuSAD?_MPOq}+ENMPr!C>ENMPADJbRSe>k[R
M@wSwlJbADJL=@RUl`ﬀC>=@OLEyT#EI?DJLE,Td=Phsh²?DJbRSeHE¡ÇuSrB>TWJbRGADC>EJbRlh²?_MP?#E,wG}S?_MPR>K#C¥=PhK_CQMPRSR>EIO$'%÷6CQMNFHE}+E,EIRA#EIrv
+=@?_MP?DJbOb{=@}>T#EI?DFHE,w©`ﬀCSJLK_CŁMP?#E+EI?hE,KIADOb{K,=@?D?#EIO^MPA#E,wÕJbRADJbr]E`ﬀJbADCÕADC>ETD`ﬀJbA#K#CSJbRSeY=PhADC>E}+ENMPr
K_C>=@S.EI?2=PhADC>EyObJbADCSJbuSrﬂ}+ENMPrﬂwlJ^MPefR>=fT#ADJLKfkC>EyrzMPJbRwlJLT«M@wlF@MPR|A_MPeHE6=PhADCSJLTdJbRA#EI?hEI?#=@r]EIA#EI?TD{lT
A#EIr JLT§ADC>EzCSJbefCR>=@JLT#EzOLEIFHEIOW=Ph2ADC>EG=@uSADSuSAaTDJbefRQMPOLTvMPR>w
ADC>EGFHEI?D{YObJbrBJbA#E,w
R|uSr[}+EI?B=PhObJbR>E,Ta=Ph
TDJbefC|ANk%<Q=@?%ADCSJLTy?#ENM@T#=@RU'ADC>E;ä§ßo T#JbefRQMPOLTyMP?#E;u>TDuQMPObOb{S?#E¤hEI?D?#E,wh=@?SC|{T#JLK,TMPRQMPOb{lTDJLTNU'ObJb®HE;ADC>E
KNMPOLKIuSO^MPADJL=@R©=PhdwSEIR>TDJbA{­S?#=Pñ>OLE,T§ADCQMPA6`ﬀJbObOq}.EvS?#E,T#EIR|A#E,wYJbRYADCSJLT6ADC>E,TDJLTVk f u>T#Ah=@?§TDADu>wl{JbRSeh¢M@TDA
SC>EIR>=@r]EIRQMlUObJb®HEADC>EdE¤¬sE,KIAq=Ph'rzM@T#T#JbFHEWeM@T)JbR@¡DE,KIADJL=@Rvh=@?0wlJLTD?DuSSADJL=@RBrBJbADJbeMPADJL=@RG=@?0ADC>Edr]ENM@TDuS?#E¤
r]EIR|A=PhWA#=@?#=@JLw>MPO)x%OhFHEIR­EIJbeHEIR|`dM,FHE,TVUADC>EBX[Z
\
TD{lTDA#EIró`ﬀJbADC­JbA#Tyr;u>K#CCSJbefC>EI?}.ENMPA%h²?#E,|u>EIR>KI{
JLTﬀu>T_E,wsk~RcM@wSwlJbADJL=@RUQADC>E;X[Z
\
JbRA#EI?hEI?#=@r]EIA#EI?yS?#=NFJLwSE,T%MveH==|wh¢MPObOb}QM@K#®¥T#=@ObuSADJL=@Rh=@?ﬀADC>E§KNM@T_E
ADCQMPA2ADC>E[ä6ßo JbRA#EI?hEI?#=@r]EIA#EI?KNMPR¥R>=BOL=@RSeHEI?2S?#=@+EI?DOb{r]ENM@T#uS?#E6ADC>E6SO^M@TDrzMvwSEIR>TDJbA{Hk
x;klkŁxTDJbrBSOLE6R|uSr]EI?DJLKNMPOC>ENMPA%MPR>w¥QMP?DADJLKIOLE§AD?_MPR>TD.=@?DA%TDJbr[uSO^MPADJL=@R iN÷li
3* 3 ŁQ «/ 7#& "v/!&)(+ 9Ka&q9$92"a: 7a92(Q$' SQ#& $Q(+92" ŁQ7G-ﬀ('$Ł' _/#9o
$' _-2"
C>E]h=@ObOL=N`ﬀJbRSe
MPSS?#=HM@K#CÔMPObOL=V`2Tah=@?BMÓTDJbr[uSO^MPADJL=@R=Ph2ADC>E?_M@wlJ^MPOC>ENMPAvMPR>w©QMP?DADJLKIOLEAD?_MPR>TD+=@?DA
JbRgMKI{|ObJbR>wl?DJLKNMPOyFH=@ObuSr]EfUd`ﬀC>EI?#E?#=@A_MPADJL=@RQMPOyTD{|rBr]EIAD?D{Õ`ﬀJbADCg?#E,TD.E,KIAzA#=YADC>EKI{ObJbR>wSEI?GM £JLTzJLT
M@T#TDuSr]E,wsk2pC>EIRR>EIefOLE,KIADJbRSezADC>E; |CQM h?_MPR>=NF¥TDCSJhANUlJbAﬀJLTMPOLT#=GMPSSObJLKNMP}SOLE§A#=]MaA#=@?Du>TNkC>E§?_M@wlJbu>T
=PhADC>EKI{|ObJbR>wSEI?ﬀ`ﬀJbObO+}+EO^MP}+EIOLE,w'U`ﬀCSJLK_C¥JLTdE,|uSJbFfMPOLEIRAﬀA#=aADC>EyrBJbR>=@?ﬀ?_M@wlJbu>TJbRKNM@T_Ey=PhA#=@?#=@JLw>MPO
eHE,=@r]EIAD?D{HkWC>E6OLEIRSefADC­=Ph0ADC>E[KI{|ObJbR>wSEI?%`ﬀJbObO}.E?#E¤hEI?D?#E,wA#=GM@T.US`ﬀCSJLK_CcCQM@TA#=B}.E?#EISO^M@K,E,wc}{
ô@õ4h=@?MaA#=@?Du>T`ﬀJbADCrzM ¡=@??_M@wlJbu>TBk
<Jb?#T#ANU ADC>EdKI{ObJbR>wSEI?0JLT)wlJLT#KI?#EIADJbNE,waJbRaADC>E?_M@wlJ^MPOSwlJb?#E,KIADJL=@Rv}{;wSE¤ñ>RSJbRSe û E,uSJLwlJLTDA_MPR|ANUHKI{ObJbR>wl?DJLKNMPO
TDuS?hM@K,E,TVUST#E,Eyñ>efuS?#E§xaknmlkqC>E6?_M@wlJbu>T=Ph)ADC>E æLç TDuS?h¢M@K,E6JLTﬀefJbFHEIRc}{
7-
Ú

û
ö
0Ú
ö î,î,î ö
û
ö
MPR>wJbA#TMP?#ENMv}{ 

Úêô@õ4.
7 )î
C>EFH=@ObuSr]E2EIR>KIOL=fT#E,wB}|{aA`W=6R>EIJbefC|}.=@?DJbRSeaTDuS?h¢M@K,E,TNUf`ﬀCSJLK#CGCQM@TqADC>EﬀTDCQMP+Eﬀ=PhsMyC>=@ObOL=V`gKI{ObJbR>wSEI?NU
JLTﬀefJbFHEIR}{ 

Ú õ4.
@C7
\


7
\

k4g
Ddö
)Úô
ö
î,î,î
ö
û
î
C>EJbRSR>EI?Dr]=fTDA%TDuS?h¢M@K,E6EIR>KIOL=fT#E,TyMvT#=@ObJLw¥KI{|ObJbR>wSEI?ADCQMPA2CQM@T2ADC>EFH=@ObuSr]E

g
Ú¦õ4.
7
\
g
k
p
E§M@T#TDuSr]E6ADCQMPA2ENM@K_CÓ=Ph)ADC>E,T#E
û
FH=@ObuSr]E,TCQM@TK,=@R>TDA_MPR|A2A#EIrB+EI?_MPADuS?#E

k
~R¥eHEIR>EI?_MPO¢USADC>E§C>ENMPAﬀÒ>ul£ADCS?#=@uSefC­MPRÓMP?#ENM

JLTﬀefJbFHEIR}{
Øh 
ØW¡
Úíè

Ø
Ø
B
ö
`ﬀC>EI?#E
B
JLTaMTDQMPADJ^MPOK,==@?#wlJbRQMPA#E]+EI?D.EIR>wlJLKIuSO^MP?;A#=

MPR>wèYJLT§ADC>EBC>ENMPA;K,=@R>wlu>KIADJbFJbA~{
=PhADC>E
rzMPA#EI?DJ^MPO¢kpJbADCADC>EGwlJLT#KI?#EIADJbVMPADJL=@RÕrzM@wSEMP}+=NFHEfU)ADC>EGA#EIrB.EI?_MPADuS?#Eef?_M@wlJLEIR|ABM@KI?#=fT_T[ADC>EMP?#ENM

Ul`ﬀCSJLK#C­T#EIQMP?_MPA#E,T2ADC>E¢
æLç
h²?#=@r ADC>E
@

E

D
æLç
FH=@ObuSr]EfUQJLTﬀefJbFHEIR}{

¤£
g
X

7-¤£
g

7:
Ú
û

@

¤£
g
X
D
î
ri
L
a
¯°²±Q³´Nµc¶M¥>¸Ks»S¼º¦!@Ê ÀÏÃ.É@Ë«Àº#¾@Ê{PÁ@Ê Ä½z¼ﬀÀÏÅdÅ«ÄDÉ@ÀCNÀÉ|¼DÉaÀÏÃ'¿¢Á
û
»Á@Ê²ÊÁ©º¦!@Ê ÀÏÃ'É|¼¤Ë_Å§qÀ¿²»BÁ@Äl¿~¼¤ËﬀËD¾HÉ@À²ÄÅ
7-
¨)Ú
ö
î,î,î
ö
û
Ì
iN÷f÷ x;k¥x%S.EIR>wlJ£
p
E6M@T#TDuSr]E%ADCQMPAﬀENM@K#C¥=PhADC>E û FH=@ObuSr]E,TﬀK,=@RA_MPJbR>T2M[OL=KNMPO.C>ENMPAT#=@uS?#K,E¢©

k)C>EIRUlADC>E%R>EIAC>ENMPA
Ò>ul£¥JbRA#=]ADC>E æLç FH=@ObuSr]E§JLT2efJbFHEIR}{
ª
 

Ú«


k4g
@


k4g
X
D
«

@



¤£
g
D4E
©
)ö
`ﬀC>EI?#EcADC>EK,=@R>TDA_MPRAv«Úè û
Ü
Õ`dM@TzJbRAD?#=wlu>K,E,wskgC>E¥C>ENMPAGKNMPQM@KIJbA~{=PhADC>E æLç FH=@ObuSr]EcJLT
X

Ú
ò


U`ﬀC>EI?#E]ADC>E]K,=@R>TDA_MPRA
ò
wSEI.EIR>wST;=@R
ADC>E]rzMPA#EI?DJ^MPO¢kxﬀK,K,=@?#wlJbRSefOb{HU0ADC>E]K#CQMPRSeHEG=PhﬀADC>E
A#EIrB+EI?_MPADuS?#E;ï

`ﬀJbADCSJbRcADC>EADJbr]E[ï¬¡dJLTﬀefJbFHEIR}|{
ï

Ú
ª
 

X

ï¬¡
î
=[TDADu>wl{vADC>EﬀA#EIrB+=@?_MPOQEIFH=@ObuSADJL=@R=Ph.ADC>EﬀA#EIrB+EI?_MPADuS?#EfU`WE2wlJLT_KI?#EIADJbNE2ADC>EﬀADJbr]EyM £JLTNk0CSJLTOLENM@wST
A#=BADC>E6h=@ObOL=V`ﬀJbRSe]?#E,KIuS?#TDJL=@Rh=@?Dr[uSO^Mvh=@?ﬀADC>E6A#EIrB+EI?_MPADuS?#E/

 @
¡­
£
g
D
Ú®
 @
¡­
DE
«


k4g
@


k4g
@
¡ ­
D

ﬃ@
¡ ­
DﬃD
«

ﬃ@

ﬃ@
¡ ­
D
X
¤£
g
@
¡ ­
DﬃD¨E
©

ò


xakH
CSJLTﬀE,|uQMPADJL=@RC>=@OLwSTdh=@?§0Úô
ö
î,î,î
ö
û
©fkqRADC>EyKNM@T_Et)ÚfUlADC>E%ñ>?#TDAWA#EI?DrﬂJbRADC>EyRuSr]EI?_MPA#=@?
CQM@TBA#=}+Ewl?#=@S.E,wM@T]ADC>EJbRSR>EI?Dr]=fTDABFH=@ObuSr]E¥JLT]MT#=@ObJLwÕKI{ObJbR>wSEI?NUdMPR>wÕJbRŁADC>E¥KNM@T#E#BÚ
û
U
=@R>EGCQM@T[A#=ÓJbRAD?#=wlu>K,E¥M¥}+=@uSR>w>MP?D{K,=@R>wlJbADJL=@R©h=@?;ADC>E]A#EIrB+EI?_MPADuS?#EfUqObJb®HEMK,=@R>TDA_MPR|ABMPr;}SJLEIRA
A#EIrB+EI?_MPADuS?#Efk
C>ETDJbrBSOLEWC>ENMPAAD?_MPR>T#.=@?DA)r]=wSEIOwSEI?DJbFHE,wvT#=2hMP?)KNMPR;}+EMPSSObJLE,w;A#=yT#=@ObJLwSTNUP}SuSAqMPOLT#=%A#=SO^M@TDrzM@TVk
RBADC>EﬀO^MPADA#EI?WKNM@T_EfUfADC>E2K,=@R>TDA_MPR|AL«cJLTE,uSJbFfMPOLEIRAA#=§ADC>EﬀC>ENMPAwlJ¬+u>TDJL=@RzK,=E"%zKIJLEIRAL«ÓJbR]E,uQMPADJL=@R
÷lkn÷H§JbRK_CQMPSA#EI?v÷lkc%R>E[¡Çu>T#A§CQM@T[A#=cA_MP®HE]JbR|A#=­M@K,K,=@uSR|AaADC>E]hM@KIA#=@?
>
9
JbRADCSJLT;E,|uQMPADJL=@RŁMPR>w
M@K,K,=@?#wlJbRSefOb{K#CQMPRSeHEyADC>E6MP}.=VFHE?#E,KIuS?#T#JL=@RGh=@?Dr[uSO^MlkC>Eñ>?#T#AWA#EI?DrﬂJbRADC>ER|uSr]EI?_MPA#=@?ﬀCQM@TWA#=;}+E
r;uSObADJbSObJLE,w}|{YMPRÕM@wSwlJbADJL=@RQMPOh¢M@KIA#=@?
@
>

k4g
@
¡­
DaE
>

@
¡­
DﬃD Ü
ôlUqMPR>w
ADC>E]T#E,K,=@R>w=@R>EB}{
@
>

@
¡­
D,E
>
¤£
g
@
¡
­
DﬃD Ü
ôlk
x%R]MPRQMPOL=@eH=@u>T)?#E,KIuS?#TDJL=@Rvh=@?Dr;uSO^Mh=@?0ADC>EdSO^M@TDrzMywSEIR>TDJbA~{HUf`ﬀCSJLK_CBu>T#E,T0ADC>EdAD?_MPR>TD.=@?DAqK,=E"%zKIJLEIRA#T
h?#=@r¨E,|uQMPADJL=@R÷lkbiVdJbRK#CQMPSA#EI?÷lUSJLTﬀefJbFHEIR}|{$/
>

@
¡­
£
g
D
Ú
>

@
¡­
DE



ì&¯±°


k4g
@
>

k4g
@
¡­
D

>

@
¡­
DﬃD

°


@
>

@
¡­
D

>
¤£
g
@
¡­
DﬃD&E
E
XL²


k4g
@


k4g
@
¡
­
D

ﬃ@
¡
­
DﬃD
ì
>

k4g
@
¡­
D8E
>

@
¡­
D


k4g
@
¡
­
D8E

ﬃ@
¡
­
D

gXL²

ﬃ@

@
¡
­
D
X
¤£
g
@
¡
­
DﬃD
ì
>

@
¡­
D4E
>
³£
g
@
¡­
D

ﬃ@
¡
­
D4E

¤£
g
@
¡
­
D
E
Û	´
@
>
ﬃ@
¡
­
D



>

k4g
@
¡
­
D


k4g
D¶µ
xak o|
R¥ADC>E6KNM@T#E¢)ÚfUS=@R>E6CQM@TﬀA#=Bwl?#=@ADC>EA#EI?Dr]TﬀADCQMPA%K,=@RA_MPJbRcE¤£lS?#E,T#TDJL=@R>Tﬀ`ﬀJbADCcADC>EJbR>wSE¤£#sgfU
MPR>wJbRADC>E]KNM@T#E(yÚ
û
U=@R>EzCQM@T§A#=crzMP®HEGMPRM@T#T#uSrBSADJL=@R=@RADC>E]QMP?DADJLKIOLE]Ò>ul£YADCS?#=@uSefC©ADC>E
=@uSA#EI?Dr]=fTDA2T#uS?hM@K,Efk%R>E%.=fT_TDJb}SJbObJbA~{GJLTWA#=aT#EIAADCSJLTWÒ>ul£zA#=aNEI?#=SU`ﬀCSJLK#C¥S?#=NFJLwSE,T2M;K,=@R>T#EI?DF@MPADJL=@R
=Ph)ADC>E6FH=@ObuSr]E¤¢JbRA#EIef?_MPA#E,wwSEIR>TDJbA{MPR>wADCu>T=Ph)ADC>E6QMP?DADJLKIOLE6R|uSr[}+EI?Nk
·¹¸»º_¼¨½¾¿2ÀCº
xﬂK,=@rBSuSA#EI?[S?#=@ef?_MPr}QM@T#E,w
=@R
ADC>=fT_Ev?#E,KIuS?#TDJL=@R
h=@?Dr[uSO^M@T;`dM@T[`ﬀ?DJbADA#EIRU`ﬀCSJLK_CTDCQMPObOR>=V` }+E
A#E,TDA#E,wch=@?MzTDJbrBSOLE;E¤£>MPrBSOLEa`ﬀC>EI?#E[ADC>EaE,|uSJbObJb}S?DJbuSr A#EIrB+EI?_MPADuS?#EvwlJLTDAD?DJb}SuSADJL=@RYKNMPRÓ}+E[KNMPOLKIul
O^MPA#E,wcMPRQMPOb{ADJLKNMPObOb{6/
x;klkŁxTDJbrBSOLE6R|uSr]EI?DJLKNMPOC>ENMPA%MPR>w¥QMP?DADJLKIOLE§AD?_MPR>TD.=@?DA%TDJbr[uSO^MPADJL=@R iN÷
p
E;K,=@R>TDJLwSEI?§MGT#=@ObJLw­KI{|ObJbR>wSEI?`ﬀCSJLK#CJLTyC>ENMPA#E,w­`ﬀJbADCÓC>=@r]=@eHEIR>E,=@u>T§.=V`WEI?6wSEIR>TDJbA~{(ÁkyxS?_M@K¤
ADJLKNMPOE¤£SMPrBSOLEB=PhdADCSJLT`W=@uSOLwY}+EBMGKI{ObJbR>wl?DJLKNMPOr]EIA_MPOq?#=w­ADCS?#=@uSefC
`ﬀCSJLK#CMKIuS?D?#EIR|A;MPOL=@RSe¥ADC>E
KI{|ObJbR>wSEI?¥M £JLTJLTzÒQ=N`ﬀJbRSe>UyKNMPu>TDJbRSeÕ=@CSrBJLKÓC>ENMPADJbRSe>kC>ETDuS?h¢M@K,EÓ=Ph§ADC>EKI{ObJbR>wSEI?GJLT®HEISA¥MPA
K,=@R>TDA_MPRAA#EIrB+EI?_MPADuS?#E4ÂÃoÄ
³9Å
æ
kyC>E;E,|uSJbObJb}S?DJbuSr1A#EIrB.EI?_MPADuS?#EaS?#=Pñ>OLEa`ﬀJbObO0}.E;?#E¤hEI?D?#E,w­A#=M@T
§²?«¤kp
EGK,=@R>T#JLwSEI?vMcKI{|ObJbR>wl?DJLKNMPOﬀMP?#ENMÓMPA;?_M@wlJbu>Ta?NU0T_E,EBñ>efuS?#Ex;k þkRADC>EzFH=@ObuSr]EEIR>KIOL=fT#E,w
r
¯°²±Q³´Nµvc¥¶Æl¸Qx º	!PÊ À²Ã'É¼¤Ë2ÀÏÅ»l¼D¾f¿~¼#ÉqÀ²¿²»a»Á@½]Áﬀ¼IÃ.¼DÁ@Ä|ÅÈlÁW¼¤Ë%É¼¤Ã>Å«À¿!HÌ)«Ã¿²»S¼¤Ë«½]¾@Ê'¼ÇIÄ|À²Ê À¤Ë¤À²Ä|½
¿²»l¼2»l¼D¾f¿À²Ãﬀ2ÈlÁW¼¤ËÉ¼~ÈlÁ@Å«À¿~¼DÉaÀÏÃ¿²»l¼2»À³ﬀP»Ê Àﬁﬀ@»|¿~¼DÉ Á@Ê Ä½]¼%ÀÏÅº#Á@Ã'ÉfÄlº,¿~¼#ÉB¿²»ËDÁ@Äﬀ@»G¿²»l¼Ê À³ﬀP»|¿ÊÈ!6Å«»¾HÉ¼DÉ
¾@ËD¼#¾Ì
}{ŁADCSJLTMP?#ENMlUADC>Ec+=N`dEI?¹©
ﬁÅ
ÚÉÁÊ.Wõ
7
\
JLTzwSEI+=fTDJbA#E,wskC>EÓC>ENMPA]Ò>ul£ADCS?#=@uSefCADCSJLTMP?#ENMJLT
©QËJÌ
æ
Úyô@õ
7
.è&Í
²¨Î]ÏÐ
Í
Ï
k~R¥ADC>EI?DrzMPOE,|uSJbObJb}S?DJbuSrU>`dE6CQM,FHE©
ﬁÅ
ÚÑ©QËJÌ
æ
Ul`ﬀCSJLK_Cc{JLEIOLwST
ØW
@C7_D
Ø
7
Ú 
Á
ôHè
7
î
C>EA#EIrB.EI?_MPADuS?#E6S?#=Pñ>OLE6KNMPR¥}+E=@}SA_MPJbR>E,w¥}{JbRA#EIef?_MPADJL=@RUQA_MP®|JbRSeBJbR|A#=zM@K,K,=@uSRAADC>E}.=@uSR>w>MP?D{
K,=@R>wlJbADJL=@R¨/

@C7_D
ÚÒ6ÂSÃ)Ä
³9*Å
æ
E
ÁÊ
\
V|è

Á
V|è
7
\
<JbefuS?#EaxakzTDC>=V`2TyADC>EaMPRQMPOb{ADJLKNMPOqT#=@ObuSADJL=@RMPR>wÓADC>E;RuSr]EI?DJLKNMPOT#=@ObuSADJL=@RÓh=@?
û
Úé	
SU
û
Úô
SU
û
ÚÓ[
GMPR>w
û
Ú	

vh=@?ﬀADC>E[KNM@T#EoÁÚfUBÚ[MPR>w­èGÚÑ

î


W[lk
ÖqFJLwSEIRADOb{HUADC>E­A#EIrB+EI?_MPADuS?#E
=@}SA_MPJbR>E,w¦h?#=@rëADC>EYT#Jbr[uSO^MPADJL=@RJLT¥TD{lTDA#EIrzMPADJLKNMPObOb{MP}.=VFHEADC>E
MPRQMPOb{|ADJLKNMPOFfMPObu>E]JbRADC>E]K,EIRA#EI?NU0}SuSA§ADC>E]wSEIFJ^MPADJL=@ReH=E,T6A#=¥NEI?#=cJbR
ADC>EBObJbrBJbA
ûÕÔ×Ö
kGCSJLT
=P¬+T#EIA§K,=@uSOLw}+E]M,FH=@JLwSE,w}{?#EISO^M@KIJbRSeADC>E]wSE¤ñ>RSJbADJL=@R=Ph
7-
`ﬀJbADC
7-
Ú
@

g
\
D
Â
I
kvÝy=N`WEIFHEI?NU
M@TADCSJLT6r]=|wSEIO)JLT§=@RSOb{Óu>T#E,w­h=@?§uQMPObJbA_MPADJbFHEBTDADu>wlJLE,TVUsADC>EB=P¬+T_EIA6JLTR>=@A§KI?DJbADJLKNMPO¢kaC>EBwlJ^MPef?_MPr]T
TDC>=N`ﬀRŁJbR©ñ>efuS?#E,TlkÓlkbi-ÓJbRK#CQMPSA#EI?(Ó`W=@uSOLwŁ}+EuQMPObJbA_MPADJbFHEIOb{©ADC>ET_MPr]E`ﬀJbADCŁADC>E¥=@ADC>EI?
wSE¤ñ>RSJbADJL=@Rc=Ph
7:
k
iN÷Po x;k¥x%S.EIR>wlJ£
 20
 30
 40
 50
 60
 70
 80
 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1
Te
m
pe
ra
tu
re
r/a
N=10
N=20
N=50
N=100
analytical solution
¯°±>³´NµØc¶Ù.¸Ks.¼¤½%ÈS¼¤ËD¾f¿ÄËD¼§È.ËÁMÚÊb¼]ÀÏÃ©¾ÅIÁfÊ ÀÉcº¦!@Ê ÀÏÃ.É¼¤ËGqÀ¿²»ÓËD¾HÉ@À²ÄÅÓÚ At)»ÀºI»ÓÀÏÅ;»Áf½BÁSﬀ¼¤Æ
Ã.¼#Á@ÄÅ¤Ê]!;»l¼D¾H¿~¼DÉqÀ²¿²»]¾2ÈlÁW¼¤ËyÉ¼¤ÃSÅ¤À²¿!LÁÚÌ s»S¼ﬀ»S¼D¾f¿qº#Á@Ã'ÉfÄlº,¿ÀCNÀ¿!aÁÂ%¿²»l¼½B¾H¿~¼¤Ë«À¾@ÊSÀÏÅ¾PÅ_Å¤Ä|½z¼DÉ
¿¢Á#¼[èÚÛ

î


W[¾@Ã'É¥¿²»S¼]¾@½(¤À¢¼¤ÃQ¿2¿~¼I½È>¼¤Ë¾H¿Ä|Ë#¼U6ÂSÃ)Ä
³9Å
æ
Úô
QÌs»S¼BÉ@À¾-ﬀ@ËD¾@½!Å_»Á)Åa¿²»l¼z¾@Ã'¾@Æ
ÊÈ!f¿Àº#¾fÊsÅIÁ@Ê Äl¿ÀÁ@ÃY¾@Ã'É¿²»l¼§Ã>Ä½z¼¤Ë«Àº#¾@ÊÅIÁ@Ê Äl¿ÀÁ@ÃaÂ,Á@Ë
û
Ú	
h
û
Úô
h
û
Úq[
­¾@Ã.É
û
Ú	

QÌ
Ü Ý2Þàß,Ý2áãâãäåçæàèêé
mbi"nìë)í ¹.¿¢¾f¿À^ÅI¿Àº_¾@Ê î2¼¦NÀ¼¦ ÁÂ ïvÁ@Ë¤ÊÉ |Ã.¼¤Ëﬀ! ðHÄÃ.¼ hWñ
CADAD¨/ øfø `ﬀ`ﬀ`§k }Sk K,=@r ø TDA_MPADJLT#ADJLKNMPOb?#EIF|JLEI`
mn÷Nnóò)ôõ,ô¹ö{÷høùNú)û¬ÄSºIÊb¼#¾@Ë¢sÄÅ¤ÀÁ@Ã'k{üE,KIADuS?#Ey=@A#E,TﬀJbR+qC|{TDJLK,Tý6þ{ß÷fjfjYHdofo_Y ¢omfjlk
mNn oô¹ò	
aôLô¹ò ÷	
Lô ø_ø	ﬀﬁﬀﬂ	,ô_ûsÄÅ¤ÀÁ@ÃŁ¾@Ã'É[Â,¾PÅ¤¿¤Ë#¼#¼DÉ¼¤ËË#¼D¾Hº,¿¢ÁfË_ÅIk
~R|A#EI?DRQMPADJL=@RQMPOR>TDADJbADuSA#Eh=@?2xSSObJLE,w­ |{TDA#EIrªx%RQMPOb{lTDJLTNU{üM £SEIR}SuS?De>U'xu>TDAD?DJ^Mci-bHþfþf¤k
m onìõ,ôﬃaô¹öﬂ !aô"Lô
	#)ûF
@
Ø
ö
>
D
ùú%$
î¼D¾Hº,¿ÀÁ@ÃQk)+qC{lTDJLKNMPO'&%EIF|JLEI`)( ß6þ¦i-bYHþfiNmliNm 
iNmf÷fjlk
mYNn*+ﬂ,.-/
ﬂ ù/01-23ø3ﬁ.4/ﬁ	5
ﬁ67
8
ﬂhø/!ﬂ9_ú
# ø	430;:%23	=<8û6>v¼¤Ë«ÃVÂ«Ä|Å«ÀÁ@Ã ÆFë%¼¤Ë¤Àº¤»|¿~¼¾@ÄÅÉ¼¤Ë
Á@Ë«ÅIºI»Ä|Ãhﬀfk><>=@ObeHE[÷c÷fjfjf÷H S hjliVþ@÷ *Po_f÷lk
mnmNn@?&ôBA
C!4÷=4D")ôEﬂF+
GB*§ô	
H+ﬂ
Iﬁﬀﬂ
&ô_ûíﬀ¾@ËI¿ÀºIÊb¼6¿Ë¾@Ã>Å¢ÈlÁ@ËI¿0ÀÏÃ¥¿¢Á J@¾@½]¾ JﬀÈ'Êb¾PÅ«Æ
½]¾PÅS)¿²»l¼DÁ@Ë"!]¾@Ã'Éz¼LK¤ÈS¼¤Ë¤ÀÏ½z¼¤ÃQ¿kh+qO^M@TDrzM +qC|{TDJLK,TﬀMPR>wßd=@RAD?#=@ObOLE,w¥<Su>TDJL=@RNMO(÷fjfjbHiN÷PojliVþk
m þ:n aôõﬁ{÷F+)û¢íﬀ¾@ËI¿Àº,Êb¼Us>ËD¾@ÃSÅ¢ÈSÁ@Ë¤¿+À²ÃQP­¾-ﬀ@Ã+¼I¿Àº_¾@ÊÏÊÈ!SRqÁ@Ã-ÚÃ+¼DÉ+Ä|Å«ÀÁ@Ã>ÆídÊ¾@Å«½]¾PÅd¾f¿6ÀﬁﬀP»za¼¤Ã>Æ
Å«À¿!fkÝMP}SJbObJbA_MPADJL=@RÓC>E,T#JLTNU{üsu>wl`ﬀJbe@~M £JbrBJbObJ^MPR>T~ý%RSJbFHEI?DADJbAUTPA6WVSR>K_C>EIRU'÷fjfjHþk
mNnX"LôEﬂF	WY,ôõ
ﬂ5
ﬁ)û6Z§!@ËÁJVÀÏÃ+¼I¿Àºº#¾fÊºIÄÊb¾f¿ÀÁfÃSÅGÁÂBÅI¿~¼D¾HÉ!@Æ¢ÅI¿¢¾f¿~¼6Èl¾@ËI¿Àº,Êb¼¿ËD¾@ÃSÅ~ÈlÁ@ËI¿À²Ã
¼¤ÊL¼Dº,¿ËDÁ@ÃÀ²ÃQ¿~¼¤Ë¤Ã'¾@Ê0¿Ë¾@Ã>Å¢ÈlÁ@ËI¿KD¾@Ë¤Ë¤À¼¤Ë«Å¤k6+qO^M@T#rzM(+qC|{T#JLK,TMPR>wYßd=@RAD?#=@ObOLE,wY<>u>TDJL=@R[M ßÕ÷fjfjH
ifi-YfjfjYlk
mbNn aô\ + ø_øW÷)û#sQÁJP¾@½]¾ JNÅIk £|h=@?#w6EIRSefJbR>E,EI?DJbRSeyMPR>w[T#KIJLEIR>K,ET#EI?DJLE,TNUf£h=@?#w6ý%RSJbFHEI?#TDJbA~{+q?#E,T_TNU
£|h=@?#wsUST#E,K,=@R>wE,wlJbADJL=@R©i-bbHþf¤k
mbiNjNn(ò)ô\ oô¹ö+ﬂ
ﬁ+
 øD#ò)ôõ,ô¹ö ÷ øùNú]N^)ô¹ö
+ﬂ0+
6ﬁﬀﬂ
&ô_û ﬃí&íê¹QÄ½a½z¼¤Ë~Ã>ÀCP¼¤Ë«Å«À¿!ŁÂIÁ@Ë
ídÊb¾PÅ«½]¾¬íW»_!PÅ«Àº¤Å¤k{üE,KIADuS?#Ey=@A#E,T[÷fjfjHþf¤k
mbifi"n\Lô_^)ôB`
#	ﬂBAoôE5a!4Wøﬂ H+ﬂGLô\*Êù 
&û x Ë#¼"NÀ¢¼"ÁÂŁ¼LK«ÈS¼IË«À²½z¼¤ÃQ¿¢¾@ÊzÉ@Ë¤À Â¤¿¿ÄË	¤ÄÊL¼¤Ã'º_¼
Å¤¿ÄSÉ@À¢¼«Å¤k{+qO^M@T#rzMG+qC{lTDJLK,TyMPR>wÓßd=@RAD?#=@ObOLE,wÓ<Su>TDJL=@RMb(­÷fjfjbH6ifi-fjfjlifk
mbiN÷Nnc^)ôBd
5	,]N^)ô\e5]NA)ôLô	ﬁ+øfﬁIﬂ	,ôû¢«ÃhgdÄ>¼¤Ã'º_¼ÁÂW¿²»l¼»l¼D¾f¿À²ÃﬀWÈ.ËÁMÚÊb¼Á@ÃBÀÏ½%È'ÄË¤À²¿!
¿Ë¾fÃSÅ¢ÈlÁfË¤¿qÀ²Ã#x¹ z|,} ~>Èﬀ@ËD¾HÉ¼Ik +qO^M@TDrzM¬+qC|{TDJLK,T2MPR>wßd=@R|AD?#=@ObOLE,w<Su>TDJL=@RiOMY÷fjfjHyi-li-Y 
i-f÷Ylk
mbi-NnB?&ôBA
C!4÷=4DBAoô_)ôB
ﬁ øDLô_j)ôklkIﬁﬀﬂ
,ôû s»l¼#Á@Ë!@ÆﬃD¾PÅ,¼#É©½BÁVÉ¼¤Ê ÀÏÃﬀÕÁÂ
Èl¾@ËI¿Àº,Êb¼Ó¿ËD¾@ÃSÅ¢ÈSÁ@Ë¤¿[ÀÏÃFxy¹ z|,}ó~SÈﬀfË¾HÉ|¼Æ~½]ÁNÉ|¼aÈ'Êb¾PÅ¤½B¾@ÅSvÉ|¼¤ÃSÅ«À¿!ÈS¼D¾JVÀÏÃhﬀAB¾fÃ'Á@½]¾@ÊbÁ@ÄÅ
È'À²Ã'º¤»¾@Ã'Éº#Á@Ê²Ê ÀÏÅ«ÀÁ@Ã'¾@Ê À¿!@k{+C{lTDJLK,T2=Ph,+qO^M@TDrzM@Tm( ß÷fjfjH f÷f÷Y *f÷blk
mbiIonzCADAD¨/
øfø
hu>TDJL=@Rk eMPANk K,=@r
ø
ADC>E,=@?D{
øn
{|?#=@r]=VF|JLE,T
iN÷Y
iN÷fm dJb}SObJL=@ef?_MPSC{
mbi-YNn\)ôo`oôvò{÷
ﬂ	CpW?Lôvö{÷5			
	ö)ôCh÷5
=46ﬁﬀﬂ
&ô_ûí2¾@Ë¤¿ÀºIÊL¼ídÀ²Ã'º¤»qÀ²¿²»(+ÄÊ²Ê]![Á@Ã>Æ
À²Ã'É@ÄSº,¿ÀCP¼qÁW¼¤Ë,¢!_¤Ë¤ÀÉrR0ÄË«Ë#¼¤ÃQ¿ z§Ë¤À P¼ÀÏÃs'Á@ËD¼d¹QÄNÈ.Ë¾fkN+qC{lTDJLKNMPO&EIFJLEI`
OLEIADA#EI?#TsÊßG÷fjfjH
i-YYfjfjf÷lk
mbiNmNnB?LôBA
	C=4÷=4tNAoô_Lô
ﬁ+ øDNu)ôﬂ
F+ﬁﬀﬁﬀﬂ
&ô_ûFz;¼IÃSÅ«À¿!ÓË#¼«Å~ÈlÁ@ÃSÅN¼¿¢Á
º«¼¤ÃQ¿ËD¾@Ê¼¤Êb¼#ºIÆ
¿ËDÁ@ÃY»S¼D¾f¿À²Ãﬀ
v[¿²»l¼DÁ@Ë#¼I¿Àº#¾@ÊqÀ²ÃP¼«ÅI¿ÀﬁﬀH¾H¿ÀÁ@Ã>Å;¾@Ã'É¼LK«È>¼¤Ë«À²½z¼¤ÃQ¿¢¾@ÊÁ_¤Å,¼¤Ë" ¾f¿ÀÁ@ÃSÅaÀÏÃxy¹{zt|,} ~SÈ'Æ
ﬀfË¾HÉ|¼Ik %u>KIOLENMP?<Su>TDJL=@Rwi=i÷fjfjPo|Kf÷HþV*Po_Ylk
mbiVþ:nB?LôBA
	C=4÷=4tNAoô_Lô
ﬁ+ øDELôB^
#	ﬁIﬁﬀﬂ
,ôûvî2¼¤Êb¾f¿ÀÁ@ÃSÅ«»ÀnÈy_¼I¿W¼#¼¤ÃŁÉ¼¤ÃSÅ¤À²¿![ÈS¼D¾JVÆ
À²ÃﬀAÈl¾@ËI¿Àº,Êb¼c¿²»l¼¤Ë¤½]ÁNÉ@À ﬂﬀÄÅ¤ÀÁ@ÃBxd»½vÀºcº#Á@Ã:ÚÃ.¼¤½z¼¤ÃQ¿CB¾@Ã'É
½aÀºIËDÁ@À²ÃSÅ¤¿¢¾_IÀÏÊ À²¿À¢¼«Å¥À²ÃØxy¹ z|,}
~>Èﬀ@ËD¾HÉ¼mq Æ~½]ÁNÉ¼ﬀÈ'Êb¾PÅ¤½B¾@Å¤k{+qC|{TDJLK,T%=Ph2+O^M@TDrzM@Ty(z÷fjfjYH2jPojHþ@jlifk
mbi-Nn\E)ô{5	ﬁ*oô¹ö{ù/0=ﬂ	]NA)ô¹ö ÷ ùNúC ÷ HÊø30=4|ﬁ8ﬂ	,ô_û s»S¼|yR¨îÅ!PÅI¿~¼¤½ ÁÂ¢xy¹QÆ
z|,} ~>Èﬀ@ËD¾HÉ¼Ik'<Su>TDJL=@RcÖqRSefJbR>E,EI?DJbRSe¥MPR>wäE,TDJbefRwM ý}~M$þY÷fjfjliVﬀmli-Y mli-blk
mbi-bNnceoôLô¹ò=4ù/0ø oôõ5	ﬁ
ﬁ
{÷9N)ô¹öú+
Iﬁﬀﬂ
,ôû {x¹2s ¹ xP#í]q8ﬃSZ ~6íZLîxtzt|
xtKz î|&xq)Æ¦s4UP|(sDP RxL(s4îxqÛxKí&í]qQR¨xs43xLx&±s4t||yR¨|îxKz3xP#|dÆ
s4|LîxLÛxy¹{zt|,} ~4íZLîxKz|kS<Su>T#JL=@R­ KIJLEIR>K,E;MPR>w¥E,K#CSR>=@OL=@ef{M6þ÷fjliNjHi¤*blk
mn÷fjNn\)ô¹ö
ﬂ+4/ﬁúH+ﬂ+4/ﬁ+Ne)ôh÷ﬁ
ﬁ+ﬂ	=4tLô\*!ﬂC#+ﬂﬀﬁﬀﬂ	,ô_û s4K| ð|Us íx]qQxKî«Æ
ﬃvs4|&î2|&îxP#|Us4|&î6k&%EIF|JLEI`=Ph KIJLEIRADJñQK;~R>T#AD?DuSr]EIRA#T¢ý ßi-bbH2÷f÷Ylk
mn÷li"n\)ôﬂ H!ﬂú+ﬂﬁﬂGLôB`ﬂﬂ0+ﬂN)ô23ﬁ ÷6ﬁﬀﬂ
&ô_ûU¾fËdÀ²ÃNÂ¤Ë¾fËD¼DÉ;Êb¾PÅ,¼IËﬀÀÏÃQ¿~¼IËÏÂN¼¤ËDÁ@½z¼I¿~¼¤ËﬀÅ"! ÅI¿~¼¤½
ÁfÃ¿²»S¼q¾@Ëﬀ|¼[¼¤Ê Àº_¾@Ê6za¼"NÀº_¼Ik.&EIFJLEI`=Ph KIJLEIR|ADJñQK[R>TDAD?DuSr]EIRA#Tþ ßi-bbbH2þ@jHþVÇþ@jblk
mn÷f÷NncdoôBj{÷oû K ZL ¹ |&¹ s4 uÊs cR¨ qQxy¹ |&î ﬃvs4|&î2|&îxP#|Us4|&î xLî
íq8xy¹=P#xà|]qQ|yRs4îx&z|&y¹{sŁP#|&xy¹)~6î|P|&(s0k]%SADJLK,TŁK,=@rBr[uSRSJLKNMPADJL=@R>Tﬀ(hß
i-bHþHKbY *blk
mn÷Nncjoô_)ôBﬁ	 ÷koû «ÃhgdÄS¼¤Ã.º_¼ÁÂXî2¼²Â¤Ë¾º,¿ÀÁfÃÁ@Ã ídÊb¾PÅ«½]¾»za¼¤ÃSÅ¤À²¿!fP¼D¾@Å«ÄËD¼¤½z¼¤Ã'¿²Å¤k+qO^M@TDrzM
+C{lTDJLK,T'&%EI.=@?DA#T'1z
÷fjfjfmH lifi¤*liNmlk
mn÷PoncjoôojoôB
5
F+ﬂk]"Lô_A)ô5	ø30.4
4aû ~Ê¿ËD¾@ÊÁqÆ~Ã'Á@ÀÏÅ,¼»À³ﬀP»ÆLÈlÁW¼¤ËÛzcR¨ Ê¾@Å,¼¤Ë qÀ¿²»!ËÏÂ
È.Ä|½%È'À²Ãﬀfk.%uQMPR|ADuSróÖqOLE,KIAD?#=@RSJLK,Tyzýi-bbfmH fj *fjfmlk
mn÷YNnY&ôú	&û+0EI?#T#=@RQMPOK,=@rBr;uSRSJLKNMPADJL=@Rk
mn÷fmNn(òoôo^oôB ÷hø_÷ HÊø30.4QûxËD¼#¾@Ê ÆÇ¿ÀÏ½z¼;½vÄÊ ¿À²Ë¾É@À¾fÃzÈ'»¾PÅ,¼vÉ|¼I¿~¼Dº,¿¢Á@ËdÂ,Á@Ë6ÀÏÃ'¿~¼¤ËÏÂN¼¤ËDÁ@½z¼I¿Ë"!D¾@Å,¼DÉÁfÃ
¾É@À³ﬀ@À¿¢¾@ÊÈQ»¾@Å,¼[ÊÁVº~J@¼DÉÊbÁNÁ«È+k>ÓENM@T#uS?#EIr]EIRA KIJLEIR>K,E;MPR>wE,K_CSR>=@OL=@ef{M
i-bbPo| fjHþV*fjblk
mn÷Hþ:nS*§ô\*+ﬂ+ﬂhøhù:ú0)û +EI?#T#=@RQMPO0K,=@rBr[uSRSJLKNMPADJL=@Rk
mn÷NncAoô\*+#	0]Lôõ ùNú
+ﬂ3
ò)ô"!43,	F	Cﬀﬁﬀﬂ
&ô_ûvza¼«Å«À³ﬀ@ÃÁÂv¾¥É@À³ﬀ@À²¿¢¾fÊ½vÄ|Ê¿À²Ë¾HÉfÀ¾@Ã
È'»¾PÅ,¼É|¼I¿~¼Dº,¿¢Á@Ë6¾@Ã'É[À¿²Å2¾¤ÈHÈ'Ê Àº#¾H¿ÀÁ@ÃÀ²ÃÂ«Ä|Å«ÀÁ@Ã[È'Ê¾@Å«½]¾§À²ÃQ¿~¼¤Ë²ÂN¼¤ËÁf½]¼,¿Ë!fk&%EIF|JLEI`=Ph KIJLEIRADJñQK
R>TDAD?DuSr]EIR|A#Tt(­÷fjliNjHﬀjYfjHþk
mn÷bNncoô2/ﬁ ÷GLôB`ﬂﬂ0+ﬂN`)ôB`{÷0
5lﬂH+ﬂ6ﬁﬀﬂ
&ô_û za¼"P¼¤ÊbÁ«È'½z¼¤Ã'¿GÁÂY¾­ÈQ»l¾PÅ,¼º#Á@ÄÃQ¿~¼¤ËXqÀ¿²»
Ë#¼D¾@Ê Æ¿À²½z¼Â¤Ë«À²Ãﬀ¼¤Ä½Èº#Á@Ë¤ËD¼DºN¿¢Á@Ë6ÂIÁfË]»l¼I¿~¼IËÁNÉ!PÃ+¼À²ÃQ¿~¼¤Ë²Â,¼¤ËDÁ@½z¼I¿~¼¤Ë¥Á@ÃqQKz[k<Su>T#JL=@R©ÖqRSefJ
R>E,EI?DJbRSeMPR>wäE,TDJbefRlþi©÷fjfjYH Po|þV*Ylifk
mfjNn\)ô¹öú+
]ò)ô¹ö	ﬂ	0]ò)ô"!43,
F	Cﬀﬁﬀﬂ
&ô_ûlî2¼D¾@Ê Æ¿À²½z¼É@À¾:ﬀ@Ã'ÁPÅI¿Àº¤Åz¾f¿§xy¹ z|,}
~>Èﬀ@ËD¾HÉ¼]Æox%ËDº¤»À¿~¼Dº,¿ÄËD¼¾@Ã'É¥Á¤ÈS¼¤ËD¾f¿ÀÁfÃQk'<>u>TDJL=@R­ÖRSefJbR>E,EI?DJbRSecMPR>wÓäE,TDJbefR=Õ÷fjfjHfjPo@
lififk
WJb}SObJL=@ef?_MPSC|{ iN÷Hþ
mli"nB?&ô!4NA)ôvöﬂ
F	5
ﬁ=4DNd)ô"Fl6ﬁﬀﬂ
&ô_û(+Ë¤À²Ãﬀ¼¤Ä|½%È¾@Ã'¾@ÊÈ!PÅ«ÀÏÅ;¾@Ã'É¥¼¤ÊL¼Dº,¿ËDÁ@Ã>Àºzº#ÁfË«Æ
ËD¼#º,¿ÀÁfÃSÅ'Â,Á@ËW¿²»S¼UsQÁfËD¼W¹'ÄNÈ'ËD¾)Â,¾@ËÀ²ÃNÂ¤Ë¾fËD¼DÉ6ÀÏÃQ¿~¼IËÏÂN¼¤ËDÁ@½z¼I¿~¼¤ËIk3&%EIF|JLEI`=Ph' KIJLEIR|ADJñQKWR>TDAD?DuSr]EIRA#T
þs÷fjfjHiNj@ÖWþiNjlk
mf÷NnB?&ô\*+ﬂlh÷ﬁ
ﬁﬂGY&ôB`
5	=4Wøhù÷NAoô?ﬂ	ﬁ ÷ﬀﬁIﬂ	,ôûNP¼D¾@Å«ÄËD¼¤½z¼¤Ã'¿%ÁÂvÉ¼¤ÃSÅ¤À²¿!;È'ËDÁMÚÊL¼«Å;Ä|Å«Æ
ÀÏÃhﬀ¿²»l¼]Ã.¼"À²ÃNÂ¤Ë¾fËD¼DÉÅIº_¾@Ã>Ã>À²Ãﬀ¥À²ÃQ¿~¼¤Ë²ÂN¼¤ËÁf½]¼,¿~¼¤Ë2Â,Á@Ëst~0k6+qC{lTDJLKNM KI?DJbSA_MS(z!Ô÷fjfjfmH
þb *lk
mNnS oôõ ùNú
+43)ôLaô\*$ù ?	ﬂ
ﬁú
#])ôB{ﬂ ù30
ﬀﬁﬀﬂ
&ô_û x¹ zt|&} ~>Èﬀ@ËD¾HÉ¼mP#tz ¼ﬃÇIÄÀÏÆ
Ê À ¤Ë¤À¾YËD¼Dº_Á@ÃSÅ¤¿Ë¤ÄSº,¿ÀÁfÃÁfÃgÉ@ÀÏÅ¤¿Ë¤À¤Äl¿~¼DÉ Á@ËJNÅ¤¿¢¾f¿ÀÁ@ÃSÅIk)<Su>TDJL=@RŁÖqRSefJbR>E,EI?DJbRSe©MPR>wÕäE,TDJbefRi1
÷fjfjfjHiN÷HþV_i-Po>k
mPon\{Lô!4ﬂ	 ÷+B oôõ ùNú
+43N)ôL2ôc*$ù ?ﬂ
ﬁú
#ﬀﬁﬀﬂ	,ô_û î2¼D¾@Ê­¿ÀÏ½z¼½B¾:ﬀ@Ã.¼I¿ÀºÚd¼¤ÊbÉ
¾@Ã'ÉgdÄK
½z¼D¾PÅ¤Ä|Ë#¼¤½z¼¤ÃQ¿²Å6Â,Á@Ë¥¿¢Á JP¾@½]¾ JYº#Á@ÃQ¿ËDÁ@ÊﬀÄ|Å«À²Ãﬀ¾
½vÄ|Ê¿ÀÏÆº#Á@Ë#¼vímR¨|pK«È'Ë#¼«Å«ÅÅ"!PÅ¤¿~¼¤½Bk
<Su>TDJL=@RcÖRSefJbR>E,EI?DJbRSeMPR>wäE,TDJbefRW=i÷fjfjbHf÷Y *f÷lk
mYNn\Lô\*Êù?÷14ù/0B^oô\d	5
,^oôE!4Wøhù:ú+ﬀﬁﬀﬂ
&ô_û P­¾@À²Ã º¤»¾@½(#¼IË»|ÀﬁﬀP»ËD¼Dº	!fº,Ê À²Ãﬀ Á@Ã
xy¹ z|,} ~SÈﬀ@Ë¾É¼Ik f=@uS?DRQMPO=Ph,u>KIOLENMP?MPA#EI?DJ^MPOLT.s ß+}=sb(­÷fjfjbHdomY ¢omblk
mfmNnzCADAD¨/
øfø
`ﬀ`ﬀ`§k `ﬀJbR>wl?DJbFHEI?Nk K,=@r
ø
S?#=wlu>KIA#T
ø
F|£`d=@?D®T
ø
mHþ:nzCADAD¨/
øfø
`ﬀ`ﬀ`§k RSJ¢k K,=@r
ø
mNnzCADAD¨/
øfø
`ﬀ`ﬀ`§k TDuSRk K,=@r
ø
mbNncA)ôﬂ	
	
F+ﬂ ùNú]A)ôN?	ﬂhøW÷N)ôﬂ5	ﬁﬂ ø_ø÷6ﬁIﬂ	,ôû |dÊL¼Dº,¿Ë¤Àº ºIÄ|Ë¤Ë#¼¤ÃQ¿²Å À²Ã ¿²»S¼
ÅIºIËD¾«ÈS¼IÆÇÁMﬂ Êb¾!¼¤Ë­ÀÏÃ»x¹ zt|&}ì~SÈﬀfË¾HÉ|¼Ik fH=@uS?DRQMPO6=Ph %u>KIOLENMP?MPA#EI?DJ^MPOLTz!sÊß}~z!s.÷fjfjliV
mb mPo_lk
m ojNn\ELôB^
#	ﬁ]`)ô7	ﬁ
ﬁ=4ù:ú]*§ô\^+4ù:úﬀﬁﬀﬂ
&ô_û6Æ~½]ÁNÉ¼y¿²»Ë#¼«Å«»Á@ÊbÉ]¾@Ã'Évº#Á@Ã:ÚÃ.¼¤½z¼¤ÃQ¿0À²Ã
»l¼¤Ê ÀÏÄ½ó¾@Ã.ÉÉ|¼¤Ä¿~¼IË«À²Ä|½óÀÏÃxy¹{zt|,} ~>Èﬀ@ËD¾HÉ¼IkÊu>KIOLENMP?<>u>TDJL=@RWi.s÷fjfjbH2jfmf÷fjfjlk
m o>i"n\ELôB^
#	ﬁ]NELô{5
ﬁ]LôklkIﬁﬀﬂ
,ôû#|]K«ÈS¼¤Ë¤ÀÏ½z¼¤Ã'¿¢¾@ÊQ|oNÀÉ¼¤Ã'º«¼ﬀÂ,Á@ËZË¾@Æ
É@À¢¼¤ÃQ¿Qq¼¤Ãﬀf¿²»|Æz§Ë«ÀCP¼¤ÃO|Êb¼DºN¿ËÁ@Ãçs>ËD¾@ÃSÅ¢ÈSÁ@Ë¤¿GÀ²Ã s'Á JP¾f½B¾JNÅ¤kt+qC{lTDJLKNMPOr&EIFJLEI` üEIADA#EI?#T[Êý
÷fjfjliVﬀ÷f÷Y ÷f÷lk
m o÷Nncd)ôõﬁ{÷ﬁ+
oû6¹.¾¿¢ÁNÁf¿²»cR0Ë¾@Å_»tx%Ã>À²½B¾H¿ÀÁ@Ã'k«C|ADAD¨/
øfø
`Klk SSSO¢k eH=NF
ø
wQ |A#=@ADOLEI?
ø
T_MN`ﬀA#=|=@ADCk CADrBO
m o_NnzCADAD¨/
øfø
EIRk `ﬀJb®Jb.E,wlJ^Mlk =@?De
ø
`ﬀJb®J
ø
xﬀK,=@u>TDA#=P~=@SADJLKﬀr]=lwluSO^MPA#=@?
m ofonS*oôBjﬂI	
	
ﬂ	Lû +EI?#T_=@RQMPOK,=@rBr[uSRSJLKNMPADJL=@Rk
cw]c \¡[ 
xRBwlJLE,T#EI?W |A#EIObOLErS¢K#C|A#EﬀJLK#C]rBJLK_CBeMPRS2C>EI?D,ObJLK#Cz}.EIJ>MPObO@¡DEIR>EIRB}.E,w>MPRS®HEIRU|=@CSR>EﬀwlJLEﬀwlJLE,T#Ex?D}+EIJbA
uSR>w[FH=@?qMPObOLEIrwlJLEdw>MPrBJbA),u>T_MPrBr]EIRSC=TPRSeHEIR>wSEIR]Ö)£l.EI?DJbr]EIR|A#EdRSJLEIrzMPOLT)rS¢@efObJLK#CveHEI`WE,T#EIRv`£TP?#EIRk
%EI}+EIRzMPObOLEIRzMPR>wSEI?#EIRz`ﬀJLT#T_EIR>T#K#CQM hADObJLK#C>EIRGuSR>wBA#E,K#CSRSJLT#K_C>EIRGÓJbA_MP?D}.EIJbA#EI?DRGwSE,Tx äÖqüý%Sef?_M@wSE
ENMPr]T2efJbObAr]EIJbR}.E,T_=@R>wSEI?#EI?ä6MPRS®.kbkbk
¤
ÝyEI?D?DRy+?#=Phk©äy?NkÝMP?DADr[uSAB¥.=@CSrth¦VS?BwlJLE¥w¢@efObJLK_CS®HEIJbANUJbRŁT#EIJbR>EIr EI?#EIJLK#CgEIJbR>Eä=@®|
A#=@?_MP?D}+EIJbAdMPRS,ulhEI?DADJbeHEIRU|uSR>w]RQMPALVS?DObJLK#CGh§VS?T_EIJbR>E2JbRA#EIR>T#JbFHE2uSR>w]`dEI?DADFH=@ObOLEtEIAD?#EIuSuSRSeauSR>w
ý%RA#EI?#TDALVSAD,uSRSe>k
¤
n E,=@?DeHE; |Jb>T2uSR>w<S?_MPR!¨,=@JLT'&{|A#EI?h¦VS?2wlJLEUEIAD?#EIuSuSRSezr]EIJbR>EI?%x?D}+EIJbANk
¤
ßWOLEIr]EIRA#ExRSefJL=@RSJSh¦VS?qwlJLE2MPulhT_K#CSObu>T#TD?#EIJLK_C>EIRGäyJLTD®u>T#TDJL=@R>EIRVS}+EI?qADuS?D}SuSOLEIRA#EIRG?_MPR>TD+=@?DANk
¤ª©
EIRAdÓKVßd=@?DrBJLK_®vh§VS?wlJLEÖqJbRlh§VSCS?DuSRSeBMPRzx6 äÖqüý%Sef?_M@wSE2uSR>w]JbRzwlJLE+qO^M@TDrzMPJbR|A#EI?hEI?#=P
r]EIAD?DJLEfUST#=V`ﬀJLERQMPALVS?DObJLK_Ccw>M h§VS?NUlw>M@T#TdEI?,u[¡DE,wSEI?dRuS?ﬀEI?#wSEIRS®|ObJLK_C>EIRcMPeHE,TD)uSR>w¹M@K#CADNEIJbA
EIJbRÓ=P¬sEIR>E,T§%CS?2h¦VS?r]EIJbR>Ea<S?_MPeHEIRCQMPADA#E[uSR>wÓTDA#EIA#T
n
E,T#K#CSJLK_CA#EIRMPu>TyT#EIJbR>EI?W¡DMPCS?DNEICSR|A#E¤
O^MPRSeHEIR
©
MP?D?DJLEI?#E[JbRwSEI?<Su>TDJL=@R>Th=@?#T#K_CuSRSez,uÓEI?D/TPCSOLEIRCQMPADA#Efk
¤
fH=fT#E¤h8£¢@RSJLT#K_CUlwSEI?WrBJb?wSEIRGeHE,T«MPr[A#EIR~R|A#EI?hEI?#=@r]EIA#EI?_MPulh}QMPu¥NEIJbefA#EuSR>wGrBJb?d}.EIJ'r]EIJbR>EIR
EI?#TDA#EIRŁ K#CS?DJbADA#EIRÕJbrR>TDADJbADuSA;T_=ObJLEI}+EIR>TD`WEI?DAa,uS?v EIJbA#ETDA_MPR>wsU0`WEIRSRŁMPu>K#CÕwlJLE¥.EIJbAawSEI?
¥'u>T_MPrBr]EIRQMP?D}+EIJbAq`WEIeHEIRzT_EIJbR>E,T0ÖJbRAD?DJbADA#TJbRBwSEIRr&2uSC>E,T#A_MPR>w;OLEIJLwSEI?qR|uS?)FH=@RB®|uS?DNEI?qä6MPu>EI?
`dMP?Nk
¤
f¢@?De©ÖqC>EI}.EI?DeuSR>w»fH=@CQMPRSR>E,T<S?DJLE,T#EIRÔh§VS?]wlJLEcMPObObNEIJbAGefuSA#E¥'u>T_MPrBr]EIRQMP?D}+EIJbANUﬀwlJLE¥`dEIJbA
VS}+EI?2wSEIRAUTPefObJLK#C>EIRdEIAD?DJLEI}ÓwSE,TRA#EI?hEI?#=@r]EIA#EI?#T2CSJbRQMPu>TDefJbRSe>k
¤
n
EI?#=@OLwÔ K_CS?_MPrBrUWwSEI?vrBJb?BefOLEIJLK#CŁJbRŁr]EIJbR>EIREI?#T#A#EIRØp
=K#C>EIRÔMPr R>TDADJbADuSAv}+EI?#EIJbAD`ﬀJbObObJbe
üt¢@AD®H=@Ob}+EIR¦uSR>wÒﬀMPuSA#EIJbOLE­JbRwlJLE­ÝMPR>wÔeMP}uSR>wÔr]EIJbR>EIRÖqJbeHEIR>EIR|A~`ﬀJLK_®|ObuSRSeHEIR }.EIJwSEI?
x%u>TDOLE,T#E,EIOLEI®AD?#=@RSJb®]RSJLK#C|AdR|uS?dh²?#EIJLEIR#üMPulhObJLE¬«>UlT#=@R>wSEI?DRrBJb?2MPu>K#C¥TDA#EIA#TWrBJbA&yMPAW,uS?2 EIJbA#E
TDA_MPR>wsk
¤
Ýy=@?#TDAyÖJ£lEIR|}.EI?DeHEI?NUwSEI?r]EIJbR>EaeHE,wl?Du>K#®A#EG K_CQMPObADuSRSecMPulhWEIJbR>EIrßo+&üäJbrBSOLEIr]EIRADJLEI?DA#E
uSR>wB}+EIJQMPObOLEIRz<S?_MPeHEIRG,uS?ÖqOLEI®|AD?#=@RSJb®]T#A#EIA#TEIJbR]=P¬+EIR>E,T%CS?qh¦VS?qrBJLK#C]CQMPADA#EfUT#=N`ﬀJLET#EIJbR>EIr
¡uSRSeHEIRvwl{RQMPrBJLT#K_C>EIRzÖqOLEI®AD?#=@RSJb®HEI?~ENMPrU|}.E,TDA#EIC>EIR>w]MPu>T |FHEIR
©
ObJbRS®+UHC>=@rzM@TW K_C`dMP?DHU
x%R>wl?#ENM@T p­¢@OLT2uSR>wüsu>wl`ﬀJbe
©
MPrBr]EI?DOL=@C>EI?Nk
¤
MPADADCSJ^M@T®&%EIJLK#CUqwSEI?;w>M@T¬+q?#=@ef?_MPrBrv~EIrBSO^MPA#Eh¦VS?;ÖK_CADNEIJbA#wlJ^MPefR>=fTDADJb®HEIRÔT_=cEIR>EI?DefJLT#K_C
FH=@?_MPRSeHEIAD?DJLEI}+EIRzuSR>wBr]EIJbR>E%Ö)£+EI?DJbr]EIRA#E%w>MPrBJbAOLEIAD,ADObJLK_CGEI?#TDAEI?DrS¢@efObJLK_CACQMPANk2yMPALVS?DObJLK_C
T#EIJJbCSr MPRwlJLE,T#EI?a |A#EIObOLEMPu>K#Ch§VS?[wlJLE
n
E,wluSOLw
eHE,w>MPRS®ANUwlJLEGEI?§rBJbADuSRA#EI?BMPulh,uS}S?DJbRSeHEIR
CQMPADA#EfU)`WEIRSR©JbREIJbR>EIr FH=@R©rBJb?[eHE,T#K_CS?DJLEI}.EIR>EIRF+q?#=@ef?_MPrBr;A#EIJbOﬀ`ﬀJLE,wSEI?;rzMPOEIJbRf¯ K,=@|{°
QM@TDA#E¯ ~<>EICSOLEI?yTDA#E,K#®A#Efk
¤
x%Ob}.EI?DA
©
MPeMP?DrzMPR>=NF+UwSEI?6wlJLEvEIrBSO^MPA#E¤+q?#=@ef?_MPrBrBJLEI?DuSRSe­h=@?DAh§VSCS?DA#EauSR>w­h¦VS?%rBJLK_C
wlJLE
ý%?#T_M@K#C>E§wSE,TEIJbR>EIRc=|wSEI?MPR>wSEI?#EIR±¯ T#EIefr]EIRA_MPADJL=@RÓh¢MPuSObAh¯>MPulhTD+VS?DA#Efk
¤
MPRlh²?#E,w\¥'JbOb®HEI?NU|=@CSR>EwSE,T#T_EIR]ÝJbOhEﬀJLK#CGwSEIR(üsJbRul£~?#EIJb}+EI?Wh§VS?w>M@TL+Wßd¢~ÖRA~`ﬀJLK_®|OLEI?D}+=HMP?#w
RSJLEIrzMPOLT,uSr üMPulhEIR[}.EI®H=@rBr]EIR§C=TPADA#EfUPw>M@TsOLEIAD,ADObJLK_C;wlJLEä6MPA#EIRQMPulhRQMPCSr]ErBJbAwSEI?s,`dEIJbA#EIR
n
EIR>EI?_MPADJL=@R­wSEI?2ä6ßo~x%u>TDOLE,T#E,EIOLEI®AD?#=@RSJb®EI?DrS¢@efObJLK_CA#Efk
¤&2JLK_CQMP?#wÝak>ßd=@OLEfUSwSEIRJLK#C¥RSJLK#C|AﬀRuS?ﬀ`dEIeHEIRT#EIJbR>EI? +q?#=@ef?_MPrBrBJLEI?h²TPCSJbef®HEIJbA#EIR­,u¥T#K#C=TPADNEIR
OLEI?DRA#EfUT#=@R>wSEI?DRzFH=@?dMPObOLEIréMPu>K#CG`WEIeHEIRT#EIJbR>EI?WTDA#EIA#Tqh²?#EIuSR>wlObJLK_C>EIRGuSR>wzC>EI?D,ObJLK#C>EIRx?DANU|wlJLE
EIJbR>E6E,K#C|A#E EI?#EIJLK#C>EI?DuSRSezh§VS?2wlJLE§AUTPefObJLK#C>E[x%?D}+EIJbAﬀJbr
©
=@R|AD?#=@ObOb?_MPuSró`MP?Nk
¤ª©
O^MPu>TübV>wSwSE,K_®HEfUQwSEI?ﬀJbRW&%EI®H=@?#wlNEIJbA2wlJLE§ÖK#C|ADNEIJbAD®H=@rBr[uSRSJb®fMPADJL=@RY,`ﬀJLT#K#C>EIRcr]EIJbR>EI?äyJ^M 
efR>=fTDADJb®uSR>wwSEI?T#K_CSR>EIObOLEIR­ |A#EIu>EI?DuSRSez,uSrÉüMPulhEIR}S?_M@K_CA#Efk
¤ª©
MP?DOUEICSOLEI?¥uSR>wT#EIJbR>EIrêeHE,T_MPr[A#EIR ENMPrêh¦VS?wlJLEXEI?#EIJbA#TDA#EIObObuSRSegMPObO§wSEI?ÝMP?#w]uSR>w
 =Ph²A`dMP?#EI®H=@rB+=@R>EIRA#EIRUwlJLEr]EIJbR>EÖ)£l+EI?DJbr]EIRA#EOLEIAD,ADObJLK#CBEI?DrS¢@efObJLK_CACQMP}+EIRkQE,T#=@R>wSEI?#EI?
ä6MPRS®efJbObA%w>MP}.EIJx%R>wl?#ENM@TKü=@C>TNUQwSEI?T#JLK#CcFJLEIO¥.EIJbA2RQMPCSrU.MPOLTwlJLE§EI?#T#A#E§ä6MPA#EIRQMPulh²RQMPCSr]E
rBJbA2wSEI?2R>EIu>E,TDA#EIR n EIR>EI?_MPADJL=@RÓwSEI?ä§ßo~xu>TDOLE,T_E,EIOLEI®|AD?#=@RSJb®¥MPR>TDA_MPR>wsk
¤
ßWCS?DJLTDA#=@SC[<Su>K_C>Tsh¦VS?T#EIJbR>E+¡DE,wSEI?DNEIJbADJbeHEý%RA#EI?#TDALVSAD,uSRSe>U@`dEIRSR§JLK#C[<>?_MPeHEIR[,u§wSEIR[ä6MPA#EIR}QMPRS®|
¥'uSef?DJ¬+T#?#=@uSADJbR>EIRcCQMPADA#Efk
¤
ü=@uSJLT n J^MPRSR>=@R>EfUywSEI?wlJLE­EI?#TDA#EÝTPOh²A#EÓr]EIJbR>E,T¥xObeH=@?DJbADCSr;u>T¥,uS?#+q?#=Pñ>Ob}.EI?#E,K_CSRuSRSegJbR
&EI®H=@?#wlNEIJbA2FH=@Rß³y³RQM@K#CüMP}{'%JLEI`IVS}+EI?#T#EIAD,A#Efk
¤
p
=@Oh²eMPRSeG?#EIuSADA#EI?#EI?NU.wSEI?wSEIR¥R>EIu>EIRw&%EIefOLEI?h§VS?wlJLE+?#=Pñ>Ob®H=@RAD?#=@ObOLEa}.EI?#EIJbA#T#A#EIObObA#EfU>T#=N`ﬀJLE
RQMPALVS?DObJLK#CMPu>K#CcC>=@rzM@T¥.EIC>EIAD}QMPu>EI?NUQäyJLEIA#EI?¥+M@T#K_C>E§uSR>w
n
?#EIeH=@?yEIuk
¤
p
=@Oh²eMPRSey¥.EIJLwlR>EI?uSR>w
n
MP}{§<S?ﬃ¢@CSObJLK_CUfwSEI?#EIR;<lx&ﬀ~­E,T#TDuSRSe%ÖqR>wSEd÷fjfjHþﬀ`ﬀJb?wlJLEeHEIRQMPu>E
©
EIRSRADRSJLT%wSEI?
©
==@?#wlJbRQMPA#EIRÓwSEI?ä§ßoÇ |JLK#C|ADObJbRSJLEIRÓFHEI?#w>MPRS®HEIRk
¤
xR>wl?#ENM@TG=@ObO^MPR>wÕuSR>wŁx%RA#=@RM,{HEI?NUMPulhywSEI?#EIRÝ%JbOhE}+EIJbr EIAD?DJLEI}ŁuSR>w©ý%r[}QMPugwSEI?
d?#EIr]T#TDAD?_MPCSObuSRSeHT#wlJ^MPefR>=fTDADJb®ŁJLK_CrBJLK#CgTDA#EIA#TBFHEI?DO^M@T#T#EIRŁ®H=@RSR|A#E¥§`dEIRSRgMPu>K#CÔwlJLE,T_EäyJ^M 
efR>=fTDADJb®OLEIAD,ADObJLK#Cc®HEIJbR>EIRÓÖqJbRSeMPRSezJbRr]EIJbR>E[ä%JLT_T#EI?DA_MPADJL=@R¥h¢MPR>wsk
¤
wSEIR EI®|?#EIAUTP?DJbRSR>EIR<S?_MPu ﬀMPu>EI?NU<S?_MPuf=@?#w>MPRU<S?_MPu fHuSRSe>U<S?_MPu +0=@?#T#K_C
uSR>wRQMPALVS?DObJLK#C
eMPRS}.E,T#=@R>wSEI?#T<S?_MPu¥ä6MPuS}+EfUwlJLETDJLK_C}.EIJ+wSEI?%?DeMPRSJLT_MPADJL=@R¥FH=@R¥ä%JLEIR>T#AD?#EIJLT#EIRJbrBr]EI?T_=
F|JLEIO¥.EIJbA2h§VS?ﬀrBJLK_CRQMPCSrk
